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Acoustic microscopy utilizes high frequency ultrasound to 
generate microscopic images. The current study was de-
signed to examine representative disorders of the skin by use 
of a reflective scanning acoustic microscope (R-SAM), and to 
determine whether the obtainable resolution was sufficient 
to render a microscopic diagnosis. An Olympus UH3 Scan-
ning Acoustic Microscope was utilized with lenses producing 
burst wave frequencies at 600 and 800 MHz (600 and 800 
million cycles/sec). Cutaneous tissue specimens representing 
12 different neoplastic and inflammatory disorders were ex-
amined. Acoustic images of unstained sections were com-
pared with conventional light microscopic study of sections 
B iologic tissue may be imaged by a variety of modalities, many of which depend upon the material's interaction with a particular waveform. For example, light micros-copy utilizes electromagnetic waves to study the opti-cal properties of tissue. Similarly, clinical ultrasound 
and the scanning acoustic microscope (SAM) utilize acoustic waves 
to study the elastic properties of tissue. Clinical ultrasound [ 1] em-
ploys a frequency range of 1-20 MHz. (1- 20 milli?n cycle~/s~c), 
which allows significant tissue penetration but permits only hm1ted 
resolution. The SAM utilizes higher frequencies, typically 
100 MHz-2 GHz (2 billion cycles/sec), permitting resolution on 
the cellular level but sacrificing penetration (on the order of mm or 
less). 
The foundation of the conventional optical microscopic image is 
based on the chemical interaction of the stain with the tissue. The 
density of tissue or its mechanical properties are relatively ~impor­
tant. Acoustic images, on the other hand, mea~ure the acou~t1c prop-
erties of the tissue, which include both density and elast1c1ty. Be-
cause these values range over several orders of magnitude, staining is 
not required . . . . 
The idea of creating magmfied v1ews With use o.f sound wa_ves 
was first proposed by Sokolov in 1936 [2]. A functional sca~mng 
acoustic microscope was developed by Quate and Lemons 111 the 
early 1970s (3] . The scientific basis, technical aspects, as well as the 
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stained with hematoxylin-eosin. In most neoplasms exam-
ined, it was possible to make a specific diagnosis primarily 
from low magnification pattern analysis. Although individ-
ual cells could be visualized, cytologic atypia was poorly 
defined. In the inflammatory disorders, a specific diagnosis 
was possible in all but bullous pemphigoid and lichen planus, 
because the composition of the inflammatory infiltrate was 
difficult to determine. The advantages of the R-SAM include 
the capability of producing an acoustic profile of the tissue 
and the future possibility of in situ diagnosis.] Invest Derma to/ 
96:38-42, 1991 
history o(the SAM have been reviewed [4-6]. The scanning laser 
acoustic microscope (4,7] uses a laser to detect changes in an acoustic 
wave after it has passed through the specimen. It will not be dis-
cussed further here. The basic designs of both the reflective scan-
ning acoustic microscope and the transmission scanning acoustic 
microscope (T -SAM) are illustrated in Fig 1. A piezoelectric trans-
ducer converts a radio frequency signal to an acoustic wave, which is 
then focused by a sapphire lens on or within the specimen. A coup-
ling liquid (usually water) carries the sound wave between the lens 
and the specimen. The beam is focused on or within the specimen at 
a fixed distance from the lens called the focal zone. Components of 
the incident acoustic wave may be reflected, scattered, absorbed, or 
transmitted, as determined primarily by the elastic properties of the 
tissue in the focal zone. The reflected wave is then collected by the 
same lens in the case of the R-SAM (Fig 1a), or alternatively the 
transmitted wave is collected by a second lens on the opposite side in 
the case of the T -SAM (Fig 1b). The resulting acoustic signal's 
intensity is converted to brightness for display as a point oflight on a 
cathode ray tube. The specimen is scanned in the horizontal plane in 
a raster fashion allowing point-by-point analysis of the elastic prop-
erties of a cross-section of tissue. 
An acoustic image of normal skin is shown. in Fig 2. It is our 
experience that epidermal structures with a high density of keratin 
(e.g., stratum corneum and the horn cyst in the seborrheic keratosis) 
appear dark, presumably fn;>m the high attenuation by keratin of the 
acoustic wave. The epidermis and dermis can be distinguished and 
variations in collagen content within the dermis are apparent espe-
cially between the papillary and reticular dermis (see also Fig 3). 
Several unique qualities of the SAM may make it a valuable tool in 
the future study of biologic tissue. The acoustic image is based upon 
the mechanical properties of the specimen, e.g., elasticity, viscosity, 
~nd acoustic attenuat~on. Such properties, little-studied previously 
m human tissue spec1mens at frequencies between 100 MHz and 
1 GHz, may shed new light on biologic structure and function. 
If thin specimens and a high-frequency lens are used, resolution 
can be as good as 0.5 f.Lm, allowing the imaging of subcellular com-
0022-202X/91/S03.50 Copyright © 1991 by The Society for Investigative Dermatology, Inc. 
38 
VOL. 96, NO. 1 JANUARY 1991 
A 










+ Mech~nical scannang 
Fi ure 1. Scannin~ acoustic microscope. The basic design of the R-SAM 
(A; and T-SAM (B) are shown. A piezoelectric transducer converts a rad io-
frequency signal to an_aco usttc wave, wluch l S then focused by a sapplure lens 
on or within the speCimen through a couplmg ltqllld . The reflected wave IS 
then collected by the same lens in the case of the R-SAM (A), or alterna-
tively, the transmitted wave is collected by a second lens on the opposite side 
in the case of the T-SAM (B). 
ponents such as mitochondria_ and actin cables [8]. This may have 
application for research mvolvmg tissues 111 culture. Another advan-
tage of the SAM over light microscopy is that ~recessing of tissue is 
not required and 111 fact may worsen acoustiC 1mages [9]. Thus, 
living cells may be imaged in a nondestructive manner to reveal 
information about ongoing cellular processes [10]. Furthermore, in 
situ diagnosis, although not possible with the current level of tech-
Figure 2. Acoustic image, normal skin. (Frequency, 600 MHz; bar, 
0.2mm.) 
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Figure 3. Acoustic image, psoriasis. All of the conventional low-power 
features are identified. Note the striking difference between the papillary 
and reticular dermis. (Frequency, 600 MHz; bar, 0.4 mm.) 
nology, is theoretically possible. Toward this end, the ability to 
image microscopic details of biologic tissue is of vital importance. 
The current study was designed to examine representative disorders 
of the skin with the R-SAM and to determine whether the obtain-
able resolution was sufficient to render a microscopic diagnosis. 
MATERIALS AND METHODS 
An Olympus UH3 Scanning AcousticMicroscope was utilized with 
lenses producing burst wave frequenCies at 600 and 800 MHz. The 
600-MHz lens has a surface resolution of 1.3 Ji.m. Magnification is 
dependent on scanning width and varies from 48-950 power on 
standard polaroid prints. Cutaneous tissue specimens representing 
12 different neoplastic and inflammatory disorders were fixed in 
10% neutral buffered formalin, embedded in paraffin, sectioned at 
6 j.tm, placed on glass slides, then deparaffinized. Two adjacent 
sections were put on each of the two slides, and one slide, the 
control, was stained with hematoxylin-eosin. The other was exam-
ined under the R-SAM with deionized water as the coupling liquid . 
After this examination, the same section was then stained with 
hematoxylin-eosin for additional comparison. 
RESULTS . 
The acoustic images from psoriasis (Fig 3), eczematous dermatitis, 
lichen simplex chronicus, pemphigus vulgaris, verruca vulgaris, seb-
orrheic keratosis (Fig 4), and malignant melanoma (Fig 5) were 
virtually diagnostic based on similarities to their hematoxylin-eosin 
counterparts. These diagnoses were made predominantly on the 
low power profile or pattern. 
The acoustic images from basal ce ll carcinoma exhibited charac-
teristic islands ofbasaloid cells within the dermis, focally communi-
cating with the epidermis (Fig 6). Although the pattern as well as 
the cytologic features were consistent with the diagnosis, it was not 
possible to completely exclude other carcinomas. Similarly, the 
acoustic images of the intradermal nevus were very suggestive of 
that diagnosis, but other possibilities could not be completely ex-
cluded. Nests of nevus cells could be seen within the dermis, and no 
obvious cytologic atypia was identified. However, subtle atypia or 
dysplasia could be missed due to lack of resolution. 
The acoustic images from actinic keratoses at low power showed 
a disruption of the normal epidermal architecture characterized by 
atypical cells in the lower epidermis. The resolution at higher mag-
nification was not, however, great enough to identify subtle nuclear 
aberrations. 
The acoustic images from lichen planus (Fig 7) and bullous pem-
phigoid (Fig 8) exhibited patterns of a lichenoid and a subepidermal 
bu llous dermatosis, respectively. Lack of high-power resolution did 
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Figure 4. Acoustic image, seborrheic keratosis. Note the characteristic con-
fi guration of rhe epith elium and multiple horn cysts. (Frequency, 600 MHz; 
bar, 0.2 mm.) 
not allow for specific identification of the inflammatory cell compo-
nents. 
DISCUSSION 
Various biologic tissues have been studied using the SAM. Hilde-
brand, Rugar, Johnston, and Quate (10] used a 1.7-GHz R-SAM to 
image living chicken heart fibrobl as ts in tissue culture. Their cells 
were imaged for several hours without apparent damage and exhib-
ited normal patterns of motility. By analyzing what was felt to be 
variations in the cell wall elasticity, they postulated that the leadmg 
lamella qf actively motil e cells are less dense or stiff than the quies-
cent trailing processes. 
N eild, Attal, and Saurel [11] used a 600-MHz R-SAM and T-
SAM to image arterioles in connective tiss ue from the submucos~ of 
guinea pig small intestine. The T -SAM gave better p1ctures , wh1ch 
clearly delineated the arteriole. The R-SAM 1mages were domi-
nated by alternating light and dark zones wluch they felt were 
interference patterns caused by reflective planes in the tissue that 
were nearly parallel to the focal rlane. 
Sherar, Noss, and Foster [12 utilized a 100-MHz R-SAM to 
Figure 5. Acoustic image, malignant melanoma. The dermis is present in 
the lower right of the ph otograph . Th e rest is tumor. T he ce lls arc arranged 
in confluent nests with some loss of cohes ion. Although some nuclear pleo-
morphism is evident , fine cytologic detail cannot be appreciated. Note the 
relati ve brightness of the tumor cells. (Frequency, 600 MH z; bar, 0.2 mm.) 
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Figure 6. Acoustic image, basal ce ll carcinoma. The tumor lobules are 
present within the dermis. Peripheral palisading is present , but cytologic 
details are difficult to appreciate. (Frequency , 600 MHz; bar, 50 pm.) 
stud y living tumor spheroids with diameters up to 1.5 mm embed-
ded in agar at various cross-sectional levels. By comparison with 
conventional li ght microscopy, they were able to show striking 
contras t in the acoustic image between the necrotic core and rhe 
viable rim of the spheroid . 
Kolodziejczyk, Saurel, Bagnol , et a! [9] studied mouse small in-
testine with a 1-GH z T-SAM. They obtained significantly better 
images using unstained gluteraldehyde-fixed thin sections with gel- ' 
atin as a hydrosoluble embedding medium, as compared to tissu~ 
fixed in Bouin's fluid and embedded in paraffin. In addition, acous-
tic staining with osmium tetroxide appeared to give greater nuclear 
detail. 
Only a few studies have primarily dealt with cutaneous tissue. I 
Kotosov, Levin, Mayev, eta! (13] employed a 450-MHz T-SAM to 
1mage frozen sections of human skin and mouse liver. They were 
able to distinguish between stratum corneum (dark due to higher 
attenuation), stratum malphigii (lighter due to lower attenuation), 1 
and dermis (wide variations in light and dark possibly related to the 
cpllagen network) . 
Buhles and Altmeyer [14] used a 1-GHz R-SAM to image human 
Figure 7. Acoustic image, lichen planus. The general band-like confi gura. 
tion of the inflammatory cells is seen, as well as hyperkeratosis and hyper· 
granulosis. The nature of the inflammatory infiltrate cannot be ascertained 
due to poor resolution. (Frequency, 600 MHz; bar, 0. 2 mm.) 
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Figure 8. Acoustic image, bullous pemphigoid. The subepidermal cleavage 
is clearly demonstrated; however, the nature of the inflammatory infiltrate 
cannot be appreciated. Most of the inflammatory cells contain round nuclei 
and are probably lymphocytes. (Frequency, 600 MHz; bar, 0.1 mm.} 
melanocytic nevi, malignant melanoma, metastases of melanoma, 
basa l cell carcinoma, and squamous ce ll carcinoma. The melano-
cytic nevi, mal!gnant melanoma, and metastases of melanoma had a 
higher acoustiC s1gnal than the surroundmg tissue. Marmor, 
Wickramasinghe, and Lemons [15] found melanin to be a strong 
acoustic attenuator w ith the T-SAM. 
Bereiter-Hahn and Buhles [16] used a 1-GHz R-SAM to look at 
the mechanism behind attenuation in frozen sectioned human skin. 
They found a positive correlation between sound attenuation and 
protein concentration. The stratum corneum attenuated the most 
and had the highest protein content whereas nevus cell s attenuated 
the least and had the lowest protein content. They postu lated that 
the strong dampening effect of the stratum corneum was attributed 
to its relatively high protein concentration and to its substructure-
that of densely packed corneocytes. 
O lerud, O'Brien, Riederer-Henderson, et al [7] used a 100-MHz 
scanning laser acoustic microscope to study the physical properties 
of both canine skin and wound tissue. They found that both ultra-
sonic speed and ultrasonic attenuation were directly correlated with 
tissue collagen content and inversely correlated with tissue water 
content. 
In our study, we used an R-SAM with 600- and 800-MHz lenses 
to image forma lin fixed, paraffin-embedded, and then deparaffin-
ized sections of various neoplasms and inflammatory cutaneous tis-
sue specimens. Our goal was to see if the microscopic detai l in the 
acoustic images was sufficient to allow definitive diagnoses. In most 
of the neoplasms examined, it was possible to make a specific diag-
nosis primarily from low-magnification pattern analysis . Although 
individual cells could be visualized, cytologic atypia was difficult to 
appreciate because nuclear details were poorly defined. 
For basal cell carcinoma, other epidermal neoplasms, particularl y 
squamous cell carcinoma, wou ld have been difficult to exclude. The 
overall pattern, however, favored basal cell carcinoma. For intrader-
mal nevus, it was impossible to exclude foci of subtle atypical me-
lanocytic hyperplasia, although obvious melanoma could be ruled 
out. Actinic keratoses, especially earl y lesions, wou ld be very diffi-
cult to diagnose as this requires hi gh-power resolution of cytologic 
details rather than low-power pattern analysis. For inflammatory 
lesions in which either low-power patterns are specific or very dis-
tinct alterations (e.g., acantholysis) occur, a diagnosis can be made. 
Eczematous dermatitis and lichen simplex chronicus were easily 
diagnosed because they represent reaction patterns. In contrast, for 
lichen planus or bullous pemphigoid, lichenoid dru g eruption or 
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dermatitis herpetiformis would have been difficult to exclude, re-
spectively, because the composition of the inflammatory infiltrate is 
often critical for a definitive histologic diagnosis . Osmium tetrox-
ide has been used as an acoustic stain and Kolodziejczyk et al [9] 
found it to improve nuclear detail. Staining would obviously pre-
clude imaging living tissue. The use of the 1-GHz lens, manufac-
tured for the Olympus R-SAM, but unavailable for this study, may 
obviate this resolution problem in the future. 
Because the SAM evaluates acoustic properties, information may 
be present in the acoustic images not seen with light microscopy. 
For example, the contrast between the papillary and reticular dermis 
often is notably distinct (Fig 3). This effect probably results from 
variations in dermal density. Similar differences may be found 
within the epidermis, although they were not noted here. 
More sophisticated analytical methods could allow for identifica-
tion of specific "acoustical signatures," not only from fixed tissues as 
imaged here but from living cells in suspension or in situ. On a 
cellular level , these signatures may relate to cell membrane elastic-
ity, which in turn may be related to permeability. 
Several obstacles stand between the R-SAM and its active use in 
clinical dermatology. Are sound waves of this frequency in any way 
damaging to living tissue [10]? Will the skin's irregular surface 
prove too disruptive to the acoustic wave? Will the acoustic wave be 
able to penetrate at least to the upper dermis before it is completely 
attenuated? Can reasonable microscopic detail be obtained from 
thick sections and ul timately from the intact skin? These obstacles 
will need to be overcome before we can produce microscopic images 
noninvasively from the skin surface and render a histologic diagno-
sis. However, the current study, which demonstrates the ability to 
make specific diagnoses of cutaneous pathology using only acoustic 
images, moves us one step closer. 
We greatly appreciate the assisratiCe of the Olympus Corporatiou 111ith rite UH3 
Scatlttiug Acoustic Microscope. 
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FOURTH WORLD CONGRESS ON CANCERS OF THE SKIN 
The Fourth W orld Congress on Cancers of the Skin, spo nsored jointly by The Skin Cancer 
Foundation and Memorial Sloan-Kettering Cancer Center, is scheduled to convene April 
18-20, 1991, in N ew York C ity . The three-day international meeting will focus on recent 
advances in medical research and current concepts in the diagnosis and management of cutane-
ous malignancies. 
The first day of the Congress will be devoted to viral oncogenesis and skin cancer, including 
sexually transmitted diseases and related mali gnancies. The second day's program will be 
concerned with malignant melanoma, and the final day will feature a series of round-table 
workshops on basal cell and squamous cell carcinomas. 
Program chairmen for the World Congress are Alfred W . Kopf, M .D., and Perry Robins, 
M .D., members of the faculty of N ew York University School of Medicine. Co-chairmen are 
Bijan Safai, M.D., of Memorial Sloan-Kettering Cancer Center, and Philip Bailin, M .D., of the 
C leveland C linic Foundation. They will be j oined by an international faculty of 46 medical and 
scientific authorities representing more than 10 medical specialities . 
Information on registration may be obtained by writin g to Memorial Sloan-Kettering Cancer 
Center, Continuing M edical Education Office, Box 31, 1275 York Avenue, N ew York, N.Y. 
10021. Tel: (212)639-6754. 
